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論文内容の要旨
Adaptation to novel selective pr，邸sure can allow an organism to persist in newly encountered 
environments and consequently promotes biological diversity. Adaptation is a process of genetic change that 
increases the likelihood of survival and reproduction in a given environment (Endler, 1986). In consequence, 
仕equencyof specific phenotype or gene increases in the population. In this evolutionally process, abiotic and biotic 
selective pressures act on phenoりrpe.
In plants, which spend most of life history at a location, physical environments at the location are 
important as selective pressure on their pheno句rpes. In this regards, any ecophysiological traits are likely to 
influence fitness and undergo adaptive evolution. Traits a能cting the assimilation and use of resources such as 
carbon, water, and nu仕ientsdirectly influence plant growth. Pattems of resource allocation to growth, reproduction, 
defense, and stress tolerance are also likely to be under strong selection (Ackerly et al. 2000). 
Global convergence in plant functioning was repo巾d for the last few decades (Wright et al. 2004). 
These trends indic拘 that adaptive traits are specific between di能rent environmental conditions. When plants 
have a phenotype against adaptive trait, they are subject to a great variety of s悦ss回 tending to restrict their 
chances of development and survival (Larcher 2001). However, how the convergence in plant functional 住aits
follow evolutionally process and/or what is genetic or molecular basis of the adaptive traits remain 筋合ontier of 
ecology or evolutionally biology. 
Altitudinal gradients offer steep environmental gradients across short spatial distances (K?er 2003) 
and one of the most powerful 'natural experiments' for testing ecological and evolutionally responses of biota to 
geophysical influences (K?er 2007). Environmental severity (e.g. wind velocity and 仕equency，daily temperature 
ampli卸des， duration of snow cover, intensity of ultraviolet radiation, etc.) usually increases with altitude. As a 
result of this p副em， altitudinal variations in environmental factor play a role of stressor and selective pressure 白r
plants. High degree of phenotypic a司justmentto changing local environments across altitudes has been revealed by 
previous empirical works. For example, traits such as plant height, vegetative growth and carbon gain tend to 
decrease 拙 altitude increases, whereas reproduction, canop 
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and consequently leaf traits greatly vary among species that adapt to di妊erentenvironments. In high altitude areas, 
there are large differences in various environmental factors 企om those in low altitude areas. The present thesis 
examined the role of leaf morphological and physiological traits to adaptation to high altitude environment. In Part 
1, 1 investigated gas exchange charactβristics and resource allocation in plants inhabiting wind-exposed site at 
alpine environment. In Part 11, reso町ce allocation, UV resistance, and freezing resistance we,e studied for ecotypes 
di民rentiatedalong altitudinal gradient. 
In Part 1, the two articles focused on leaf characteristics under wind-exposed and wind-protected 
conditions in a mountainous region. In Chapter 1, 1 studied mo中hologicaland physiological 仕aitsof current-year 
old needles of Pinus pumila (Pallas) Regel (Siberian dwarf pine), a typical dominant shrub species above the forest 
limit in Japan. 1 hypothesized that P. pumila plants produce needles with greater mass per area in wind-exposed 
than in wind抽protected site because they invest more N in cel walls at the expense of N investment in the 
photosynthetic appara佃sand thus photosynthetic nitrogen use e百iciencyPNUE. 1 examined how their needle was 
constructed under wind-exposed and wind-protected conditions. In contrast to this hypoth田is， P. pumil，αplants 
growing under wind-exposed condition invested les resources in needles, as exhibited by lower biomass, nitrogen, 
Rubisco, and cel wall mass per unit area, but higher photos戸thetic capacity, PNUE and shorter needle life-span 
than those of plants growing under wind-protected site. It is suggested that P. pumila at wind-exposed sites produce 
needles at low cost with high productivity to compensate for the short leaf life-span, which may be imposed by 
wind stress when they appear above the snow surface in winter. In Chapter 11, 1 studied how environmental 
factors a狂ectcarbon assimilation in P. pumila needles at a wind-exposed site. 1 s加diedpotential photosynthesis of 
cuπent- and l-year needles under a laboratory condition to assess whether the experience of winter duration 
reduces potential rates of photosynthesis. 1 determined gas exchange in the field 加出sess whether in-situ 
environmental s仕esses suppress the photos戸thetic rate. 1 also preformed concurrent measurements of 
environmental variables to find limiting fa 
? ?
Arabidopsis halleri sp. gemm砕ra， one of the most closely related speci目白 ArabiaわI[Jsis thaliana, the 
well-known model species in molecular biology. A. halleri sp. gemmifera comprises two ecotypes, lowland 
ecotype 組dhighland ecotype in central Japan. It is known that a highland ecotype of A. halleri ssp. gemmifera has 
differentiated 企omthe lowland ecotype on two mountains, Mt. Ibuki and Mt. F吋iwara (S.-I. Morinaga, personal 
communication). The highland ecotype has dense tricomes on leaves and stems while the lowland ecotype has 
scarce' trichomes (Al・Shehbaz & O'Kane 2002). In Chapter III, I studied mo中hological and physiological 
variation of rosette leaves of A. halleri ssp. gemmi}針。 alongaltitudinal gradients to test a hypothesis 出atthere is a 
trade-off in resource allocation between structure and photosynthesis across altitudinal gradient. I examined how 
their leaf mo叩hological and physiological characteristics varied with altitudinal gradients and between the 
ecotypes especially focusing on the trade-off in N allocation between photos戸th邸is and struc如.re. However, such 
trade司offwas not observed. Rather, high altitude plants inv回ted more nitrogen to Rubisco, suggesting that plants 
invest more resources in the photosynthetic apparatus to compensate for reduction in enz戸田 activity imposed by 
suboptimal conditions. In Chapter IV, I studied UV-radiation damage on DNA and protection of lowland and 
highland ecotypes of A. halleri sp. gemm~ルra. I tested three hypotheses 白at(i) UV damages on DNA are similar 
irrespective of alti加des and of ecotypes due to adaptation ωrespective environment and that (i) ecotypes 
inhabiting higher altitudes have greater amount of UV absorbing compounds and that (ii) ecotypes inhabiting 
higher altitudes have higher activity to repair DNA damage. I found that UV damage on DNA significant1y 
increased with increasing alti加de， which is the first report that UV damage on plants is significant1y higher in 
higher altitudes. In response to the UV stress, plants accumulated more UV absorbing compounds at higher 
altitudes, which might partly con仕ibuteto the protection ofDNA企omUV stres. Furthermore, ecotypes inhabiting 
higher altitude protect DNA more effectively than those inhabiting lower altitude when compared at the same 
altitude. These results suggest that UV damage is a strong selective pressure and UV protection is an important trait 
to advance the dis仕ibutionto higher altitudes. In Chapt 
In Part 11, 1 used plants from two altitudinal gradients, Mt. Ibuki and Mt. Fujiwara. Genetic analyses 
suggest that the ecotyp田 have differentiated in each mountain independently (S.I. Morinaga, personal 
communication). This study system enabled us to assess what environmental factor and leaf仕aitsare important for 
ecotypic differentiation along altitude. If altitudinal variation in a leaf trait was common between the two gradients, 
the environment factor might be a strong selective agent through the di除rentiation. On the other hand, if the 
selective pressure of the environment is not strong, or limited to either gradient, trait variation may not be common 
between the two gradient. In the present thesis, mo中hological 仕aits， resource allocation, and UV tolerance 
exhibited similar altitudinal trend between the two gradients (Chapters II and IV). These results suggest that traits 
related to carbon gain and UV protection is important to inhabit higher altitude areas. In particular, importance of 
UV radiation has not been recognized in previous studies. This is based on an experimental result that a UV filter 
did not e出an∞ growth of alpine plants (Caldwell 1968). This result might be obtained because the alpine plants 
had already adapted to UV stres. If no adaptive plants are grown in highland with high UV radiation, they would 
reduce growth and reproduction. On the other hand, altitudinal variation in 企'eezing avoidance was not common 
between the two gradients (Chapter V). This result sugg回ts two possibilities. One is that local tempera加re
environment is more important than altitudinal tempera旬re gradient. Difference in snow cover durations may act 
as a selective pr，凶sure. 百le other possibility is that A. halleri sp. gemmifera increased their habitat altitude with 
global warming. In glacial age, global tempera加re was ca 80C lower than the present. If colonization at higher 
altitudes had accompanied global warming, tempera加re adaptation might not be important. However, these 
hypotheses need to be tested by further s印dy.
Dense 出chomes are remarkable difference between highland and lowland ecotype of A. halleri sp. 
gemmずera. Unfortunately, 1 did not s加dy how this trait is related to altitudinal adaptation. Since trends of 
trichomes are similar between the two mountains, it should play an important role in the adaptation to higher 
altitude. Trichomes and root hairs differentiate 企om epidermal cels in the aerial tissues and roots, 
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論文審査結果の要旨
永野聡一郎は、高標高としづ特殊な環境で植物が生存、あるいは分布を広げるにあたって、どの
ような生理生態学的性質が、どのような環境要因に対する適応として重要なのかを解析した。博
士論文は 2 部に分かれ、第 1 部で、は高山の風衝地に生育するハイマツについての研究を行った。
そのうち l 章では、風衝地のハイマツがどのような性質の葉を生産しているかを、風背地のハイ
マツとの比較によって解析し、比較的生産効率が良いが、コストが安く、寿命も短い葉を作って
いること明らかにした。 2 章では、現地の環境のもとで、風衝地と風背地のハイマツの葉の光合成
がどのような要因によって律速されているかを解析し、風衝地で、は水分不足が光合成の律速要因
となり、潜在光合成能力が高いにもかかわらず、実際の C02 同化量は少なくなっていることを明
らかにした。第 2 部では、分子生物学のモテ、ル植物で、あるシロイヌナズナに近縁なハクサンハタ
ザオの標高適応について研究を行った。 3 章では、高標高の葉は強風に対する適応として構造への
資源投資率を高めているとしづ仮説を提示し、現地の葉をサンプリングすることによって検証を
行った。その結果、構造への資源投資(細胞壁量として評価)そのものは高標高で、高かったが、
投資比率には大きな変化はなかった。むしろ、光合成系への投資が高標高で高く、高標高環境で
の光合成速度の低下を補うためと考えられた。 4 章では、紫外線ストレスへの適応について調査し
た。高標高ほど紫外線が強くなるが、先行研究では、紫外線を遮断しても植物の成長が促進され
ないことから、高山植物への紫外線の影響は小さいとされていた。しかし本研究では、高標高ほ
ど紫外線による DNA のダメージが大きいことを発見した。さらに、高標高に生育する植物は、紫
外線吸収物質をため込むことによって紫外線ダメージを減らすような適応をしていることが明ら
かとなった。 6 章では、耐凍性について調査した。低標高型と高標高型の間には低温順化能力や順
化に伴う遺伝子発現に違いが見られたが、その違いは調べた山岳によって異なり、一般性がある
とは言えないことが明らかとなった。以上の結果から、ハクサンハタザオが高標高に進出するに
あたって、紫外線耐性の獲得と、光合成系への投資を増やすことが重要であることが示唆され
た。最終審査では、時間の関係で主に第 2 部の研究内容が紹介された。審査委員からの質疑芯答
ののち、合議により、自立して研究活動を行うに必要な高度の研究能力と学識を有すると判断さ
れ、永野聡一郎提出の論文は、博士(生命科学)の博士論文として合格と認めると結論された。
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